As is the case with many aspects of health and disease, the occurrence of childhood injury has been associated with socioeconomic factors including measures of poverty, 1-4 education 2 3 5 unemployment, 6 7 and social status. 8 9 Children of lower socioeconomic status generally have a greater risk of both fatal 1 4 8-11 and non-fatal injury. 1-3 6 Although as much as a threefold increase in the risk for non-fatal injury has been observed among impoverished children, [1] [2] [3] others failed to identify any association [12] [13] [14] [15] or attributed the association to other factors, such as race or access to care. 16 17 The study of non-fatal injuries on a population basis is uncommon, and the reporting of these injuries is often dependent on the severity of injury and whether medical care is obtained. The absence of population based data makes it impossible to calculate meaningful rates of injury in most situations. In addition, it is often diYcult to construct an accurate measure of socioeconomic status. 18 19 These factors may account, in part, for any inconsistencies that have been observed. 1-3 12-17 Causal pathways by which socioeconomic factors may aVect the occurrence of injury are also not well understood.
The injury experience of children living in poverty is a priority for many researchers. Few studies, however, have examined relationships between socioeconomic status and non-fatal injury in Canada. Due to diVerences in the manner in which injuries are identified and treated, it is diYcult to know whether patterns of injury and health gradients observed in other countries can be generalised.
In this study we had the opportunity to determine whether socioeconomic gradients in health status exist for childhood injuries in the population surrounding Kingston. The study was made possible due to the existence of a population based, emergency department injury surveillance system.
Methods
A retrospective study was conducted using linked data from the Kingston site of the Canadian Hospitals Injury Reporting and Prevention Program (CHIRPP), 20 ecologic data on socioeconomic status from the 1996 Canada census of population, 21 and patient records from two general hospitals. The CHIRPP program was established in 1990, and contains information on emergency room visits for the treatment of injuries presenting to Canada's 10 paediatric hospitals and to six general hospitals. 20 CHIRPP data from two general hospitals in Kingston, Ontario (a component of the Kingston and Region Injury Surveillance Program) are population based for injuries seen at emergency departments. 22 Information was compiled on all incident cases of injury, inclusive in the International Classification of Diseases, ninth revision (ICD-9) codes E800-E999, 23 with the exception of: injuries as a result of medical care (E870-E879), therapeutic treatment (E930-E949), or insect bites (E905.1-E905.5, E906.4).
The sampling frame was all children in the population served by the two general hospitals in Kingston, Ontario during the 1996 calendar year, at which time the Kingston Region had a population of 36 365 children under 20 years. 21 Injuries to these children were identified from the CHIRPP system, and the following were obtained for each case: the age, sex and residential postal code of the child, the location and context in which the injury occurred, and the level of treatment received. ICD-9 E codes indicating the mechanism of injury were obtained from hospital records. These records were linked individually to the CHIRPP records using a series of sequential queries based upon: patient chart number, the first three letters of the patient's surname, date of birth, sex, and postal code. Record linkage was achieved in 95% of cases.
Each postal code was assigned to a Canada census of population enumeration area using the automated geographic coding program, Geocodes/PCCF. 24 Census enumeration areas range from a maximum of 440 dwellings to a minimum of 125 in some rural areas. 25 Socioeconomic data were obtained from the 26 (2) % individuals with less than a high school education; (3) % individuals who were unemployed; (4) % families headed by a single parent; (5) average dwelling value; (6) % dwellings in need of repair. Enumeration areas were each assigned to levels of socioeconomic status according to the pre-established criteria reflected in table 1.
The numbers of injuries in the enumeration areas were tabulated by five year age groups and sex, with separate tabulations for the following: (1) total injuries; (2) home injuries (CHIRPP location codes); (3) sports injuries (CHIRPP context codes); (4) recreation or play injuries (CHIRPP context codes); (5) injuries resulting from falls (ICD-9 E800-E888); (6) traYc injuries (E810-E829); and (7) injuries of minor, moderate, and extreme severities (CHIRPP disposition codes).
Stratum specific, annual rates of injury (per 1000) were calculated within levels of each of the six indicators of socioeconomic status using denominator data from the census. 21 Bivariate rate ratios and associated 95% confidence intervals were calculated for these rates. As would be expected, the socioeconomic indicators were highly correlated (data not shown). Therefore, a single indicator-% individuals living below the poverty line-was selected for further, etiological analyses. Using this indicator, injury rates and associated 95% confidence intervals were then calculated for: the total study population, males, females, by five year age group, by injury type, and by level of severity. Associations between socioeconomic status and injury were further investigated using multiple Poisson regression 27 with simultaneous adjustment for other socioeconomic factors identified via backward selection procedures.
Tests for linear trend 28 were applied to determine if the calculated rate ratios increased with increasing level of poverty. Sensitivity analyses were then performed to explore whether: (1) gradients in risk could be explained by diVerential access to emergency medical services by grade ofsocioeconomic status, as indicated by distance to, and multiple use of the emergency departments; (2) exclusion of enumeration areas that were predominantly populated by university/college students changed the observed gradients in risk.
All analyses were conducted in SAS (Cary, NC; version 6.12, 1997) and EGRET (Seattle, WA; SERC; version 0.04, 1994).
Results
A total of 5894 injuries were identified among the 35 380 eligible children during 1996; 985 children with missing socioeconomic data were excluded. Rates of injury are presented in table 1 for various levels of socioeconomic status, as measured by the six indicators. Within each of these indicators there was evidence of statistically significant increases in risk for injury associated with lower levels of socioeconomic status. All provide strong evidence of a linear relationship between increasing economic disadvantage and higher risk for childhood injury. Table 2 presents injury rates and associated rate ratios for childhood injury for five grades of socioeconomic status (I-V) as indicated by the percentage of individuals living in enumeration areas with household incomes below poverty lines. The observed risk gradient was evident in the rates of injury as well as the adjusted rate ratios. This pattern was observed in both sexes, and each of the age groups. The increases in risk and the observed gradient were especially strong in the 15-19 year old age group. Although still apparent, the gradient in this age group was weakened after exclusion of the university/college enumeration areas (data not shown). Table 3 summarises a similar analysis for diVerent types of injury outcomes. Gradients of risk by socioeconomic status were evident for home, recreation/play, and fall injuries, but there was little suggestion of a gradient for sports injuries. Table 4 shows that that the observed gradients were also seen in injuries of varying severities, although the gradient for extreme injuries was not statistically significant. Finally, the risks observed did not change substantially when the enumeration areas from outside of the urban core were excluded from the analysis, or when children who were injured more than once were removed from the analysis (data not shown).
Discussion
The major finding of this population based, retrospective study was that socioeconomic gradients exist for childhood injuries. The study is regarded as "ecological" because socioeconomic status was defined for each case based upon ecological observations made at the census tract level. Children living in impoverished areas experienced higher rates of non-fatal injury relative to more aZuent neighbourhoods. Further, this gradient was observed consistently within subgroups of the population, and for injuries of diVerent types and severity.
These findings are consistent with many past studies of childhood injury. When children from the most disadvantaged backgrounds/ settings are compared with aZuent children, major disparities in risk for childhood injury fatalities have been observed; for example: 1.3-1.7 to 1 (United States), 11 2.6 to 1 (Maine, USA), 4 and 2 to 1 with higher ratios for fires, falls, and drownings (Great Britain). 8 Disparities by income quintile have also been reported for injuries presenting to emergency departments (3 to 1; Australia), 3 hospitalizations (1.6-4.5 to 1, dependent upon cause; Northern Manhattan, USA), 2 and traYc injuries that lead to death, hospitalization, or a police inquiry (4 to 1; Montreal, Canada). 1 The overall gradient in risk observed in the present study (1.67 to 1, for incomes quintiles V v 1) is relatively modest compared with the above findings, but substantial compared with others who examined the full spectrum of medically treated injuries reported by children in Australia, for example Langley et al, 12 and Great Britain, for example Williams et al. 15 1t appears, therefore, that that the strength of the childhood injury gradient observed by socioeconomic levels may be modified by specific study conditions, including the type and severity of injury under study, and conditions specific to the country and population being examined. The latter may include the nature of health care systems, and diVerential access to medical care by socioeconomic class. The observed gradient in Kingston is unlikely to be confounded by these factors, as the major options for medical treatment of childhood injuries are the two hospital based emergency departments, and all Canadian children are enrolled in a single, universally accessible health system. Further, family physicians in our area refer virtually all injuries to emergency for care, and the two walk-in clinics that are open in oV-hours are not equipped with x ray facilities, and use the same referral practices (R J Brison, Director CHIRPP, personal communication, 1999).
The Black report from the United Kingdom is the sentinel study of associations between social class and health outcomes. 8 29 Large and persistent diVerences in mortality by occupational class were observed for many causes of death, including those associated with unintentional injury. A particularly steep class gradient was observed for childhood injuries. 8 Explanations for these health gradients include material deprivation 30 and societal barriers that would make it diYcult for those in the lower classes to protect their children from injury. 29 Individuals living in poverty also experience high levels of stress and associated illnesses, 31 and have fewer resources to allocate towards supervised child care 32 or safety measures in the Percentages for categories I, II, III, IV, and V were 0-9.9, 10-19.9, 20-29.9, 30-39.9, and 40%+ respectively. †Treated with advice only or treated and follow up not required. ‡Treated and follow up required or required a short stay in emergency department. §Admitted to hospital or transferred to another hospital. ¶Adjusted rate ratios were adjusted for age group, sex, and selected socioeconomic status covariates listed in table 1. CI = confidence interval.
home. 33 Impoverished neighbourhoods may also have fewer safe play areas such as parks and fenced-in yards, or they may be closer to busy streets and industrial sites. Although these conditions contribute to diVerential injury risks in other populations, we were unable to verify their causal connections because of limitations in our data. This level of detail is not collected routinely as part of the CHIRPP or hospital data protocols.
The observed socioeconomic gradient was not observed for every injury outcome, and this is consistent with the findings of others. 3 34 The failure to observe a strong gradient for sports injury may be attributable to the diVerent opportunities, and hence exposure, to sports activities among children in diVerent socioeconomic grades. Children from impoverished areas may be less likely to participate in sports because of the high costs of registration and equipment. For traYc injuries and for injuries of extreme severity, although the results were suggestive, our failure to identify a statistically significant gradient was likely due to the limited numbers of cases in these subgroups. Past studies have demonstrated strong socioeconomic gradients for pedestrian and bicycle injuries 35 36 and fatalities. 5 9 As stated previously, it is unlikely that the observed gradient can be attributed to diVerential access or use of emergency medical services by grade of socioeconomic status. This might also occur if people from diVerent grades were required to travel diVerent distances to use the emergency system. However, when the analysis was stratified by distance to the hospitals, a similar gradient was observed within each distance stratum. Further, we postulated that people from impoverished areas might use the emergency department as their sole source of emergency care, whereas others would sometimes use other forms of care in emergency situations. 37 If true, this diVerence in access could explain the gradient. We believe this explanation to be unlikely. When repeat visits by the same children were removed from the analysis, the gradients by socioeconomic status remained. Further, a similar risk gradient was observed for severe injuries (table 4), all of which would be expected to present to emergency for treatment, irrespective of socioeconomic status. These analyses suggest that the gradients in childhood injury cannot be dismissed as reporting artefacts.
The major strengths of this investigation are as follows. The study examined a large population of children in a well defined geographic region. The population based nature of the injury surveillance system is unique. We are unaware of any other emergency based surveillance systems that have this feature in Canada. Although the CHIRPP system is limited because E codes are not recorded, this was overcome by linking CHIRPP records with patient records held by the two participating hospitals. Finally, the study examined a variety of indicators of socioeconomic status, including measures of household income, education, unemployment, the absence of two parents, and dwelling values and condition. While these each measured slightly diVerent aspects of the same construct, the percentage of households with incomes below poverty lines appeared to provide the best indication of childhood poverty. The observed gradient in risk was strongest for this indicator, and remained unchanged after simultaneous adjustment for each of the other socioeconomic measures. This provides direction for the selection of socioeconomic indicators in future investigations of this type.
The study also had some important limitations. Because socioeconomic data could not be obtained at an individual level, the exposure assessment was ecological in nature. Inferences about the eVects of poverty on the occurrence of childhood injury must be made with caution due to the ecologic fallacy. 38 Our analysis was also limited by the amount of available information on potentially important covariates (for example parental and child behaviour attributes) that could have aVected the relationship between socioeconomic status and injury risks. Finally, the injuries under study were attributed to socioeconomic characteristics of the areas in which children live, although they could have been caused by hazards in other locations. It is probable that even stronger gradients in risk were masked due to this misclassification of exposure.
Implications and conclusion
The results of this study suggest that socioeconomic gradients in health status exist for childhood injuries treated in emergency departments. These gradients parallel mortality and morbidity patterns identified in adult and other child populations. We believe that this study is a unique contribution to the Canadian injury literature. It is also one of the first international studies to describe the childhood injury gradient both overall, and for a variety of injury types, using emergency department data assembled comprehensively for an entire population. Given the population based nature of this study, these findings are likely to be found in other settings.
The results suggest the need for local and national authorities to target injury prevention eVorts among children from economically disadvantaged populations. Formal surveillance of the hazards to which these children are exposed may also be warranted. However, few interventions to reduce childhood injury in these populations have been rigorously evaluated, and the optimal approach to prevention remains elusive. Home visitation programs have been advocated as one possible solution, for example postnatal home visits to socially disadvantaged mothers have been associated with reduced rates of early childhood injury, 39 and (by extrapolation) this strategy may be eYcacious in other situations. In general, however, purely educational measures (targeted or otherwise) have not been shown to reduce childhood injuries in the short term. 40 The most promising interventions for socially disadvantaged children are legislative and regulatory controls, 40 or a combination of legislation, environmental modification, and educational eVorts implemented at the community level, combined with the sustained use of surveillance. 41 Our findings suggest that these interventions should be directed specifically towards the amelioration of home, recreational and fall injury hazards, as these are particularly important injury patterns among socially disadvantaged children.
